This study was designed to develop a simple method for serodiagnosis of scrub typhus. The basis of the method is detection of anti-Rickettsia tsutsugamushi antibody in patient serum by reaction with antigens dot blotted on a nitrocellulose sheet (NCS). The final evaluation of the reaction is performed by observing the color intensity which develops as a result of sequential treatments of the NCS with peroxidase-conjugated anti-human immunoglobulin G or immunoglobulin M antibody and with the substrate of the enzyme. After various trials, we found that the best results were obtained by using a purified antigen which adhered to an NCS at 0.2 to 2 ,ig of protein per dot and a test serum diluted 1,000-to 4,000-fold. Under these conditions, almost all antibody-positive sera showed a distinct color at the dot on the NCS, so that a positive reaction could be distinguished by the naked eye from a negative reaction with antibody-negative sera, which developed only a faint color. A comparison of the results of screening of antibody-positive and -negative sera by this method and the immunofluorescence test showed that both methods produced similar results. From these results, it is concluded that this dot immunoassay can be useful for the serodiagnosis of scrub typhus.
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Scrub typhus, so-called tsutsugamushi disease. is a febrile disease of eastern Asia caused by infection by Rickeitsia tsutsugainiushli. While the mortality rate for this disease clearly decreased after the discovery of effective antibiotics such as tetracycline and chloramphenicol, a quick and accurate diagnosis is required for appropriate patient management, as well as for epidemiological studies of the disease. For this purpose, a serological diagnosis is generally required in addition to cautious clinical observations. The most common means of serodiagnosis at present are immunofluorescence (IF; 6) and immunoperoxidase (10) tests. While these tests give satisfactory results in the hands of experienced personnel, they can be troublesome for inexperienced technicians, especially in the final evaluation by microscopy. Our purpose in the present study was to develop a simple method for serodiagnosis of scrub typhus.
Because nitrocellulose sheets (NCS) strongly adsorb proteins and nucleic acids, they are widely used for various biological assays, including the detection of viral genomes and antigens from patient specimens (1, 3, 9, 16) and the detection of antiviral specific antibodies in patient serum by reaction with antigens immobilized on the NCS (4, 5) . In the present study, we tried to apply this technique to the serodiagnosis of scrub typhus. The principle of the procedure is that NCS-adhering rickettsial antigens are reacted with patient sera and then subjected to sequential treatments with peroxidase-conjugated anti-human immunoglobulin rabbit serum and with diaminobenzidine, and the positive and negative antigen-antibody reactions are discriminated by the color intensity which develops. This paper describes (i) the methods used in the determination of the most favorable conditions for the dot immunoassay and (ii) the successful discrimination between antibody-positive and antibody-negative sera by this method. The advantages of this method are as follows: no particular instruments are required for this procedure, and the results are easily interpreted by un-* Corresponding author. trained personnel, because the differences in color intensity between positive and negative reactions can be distinguished by the naked eye by comparing the test dots with appropriate color examples.
MATERIALS AND METHODS
Antigens. Antigens were prepared from L-cell cultures infected with R. tsiiîtsiagnushi Gilliam, Karp, and Kawasaki strains as described previously (12, 15) . The crude antigens were obtained as the supernatant after centrifugation at 200 x g for 5 min after i07 heavily infected cells were homogenized in 2 ml of phosphate-buffered saline (0.14 M sodium chloride in 0.01 M sodium phosphate buffer, pH 7.4). The purified rickettsial antigens were prepared by Percoll density gradient centrifugation as described previously (12) and suspended in phosphate-buffered saline. Suspensions of both crude and purified antigens were irradiated with UV light (13) PROTEIN ) immunoassay, the NCS was incubated in 3 mi of 1,000-fold-diluted serum in TBS for 1 h (except as indicated), washed with TBS five times within 20 min. incubated in 2,000-fold-diluted peroxidase-conjugated anti-human immunoglobulin G (IgG) or IgM rabbit antibody (Dako. Glostrup, Denmark) for 30 min, washed again as described above, and immersed in substrate solution (0.3% 3,3'-diaminobenzidine tetrahydrochloride, 0.02% hydrogen peroxide. 75 mM sodium acetate buffer, pH 6.2 [10] ) for 1 min. The color development was terminated by briefly immersing the NCS into 0.2 N sulfuric acid, after which the NCS was washed in tap water and air dried. The color intensity was measured at A,,(, in reflection by double-wavelength thin-layer chromatography scanner CS-910 and Chromatopac C-R6A (Shimadzu Corp., Kyoto, Japan). All procedures were performed at room temperature.
IF. The antibody titers in all sera were examined by indirect IF against the three strains by the method described previously (14, 15) . The crude rickettsiae spotted on slide glasses were used as antigens, and IgG and IgM antibody titers were separately assayed by using fluorescein isothiocyanate-conjugated goat anti-human IgG and IgM (Tago, Burlingame, Calif.) as the secondary antibodies.
Protein determination. Protein content in a preparation was determined by the method of Lowry et al. (7), with crystalline bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) as the standard. pared after the whole procedure (Fig. 1 ). The dots which had 0.006 p.g of purified antigen did not develop any distinguishable color for either the positive or the negative sera. The dots which had 0.02 to 0.06 p.g of protein developed a faint color when reacted with positive serum but no color with the negative serum. The dots which had more than 0.2 p.g of antigen protein developed increasing color intensities with increasing amounts of antigen when reacted with positive serum. On the other hand, a faint color with negative serum was observable only in dots which had more than 6 p.g of protein. Thus, the color intensities of dots with comparable antigen concentrations reacted to positive or negative sera were clearly distinguishable (Fig. 1) .
The color intensity values of each dot measured by an electric scanner are shown in Fig. 1 . It can be seen from the results that a 1.5-fold difference in the intensity of dots can be distinguished by the naked eye.
(ài) Concentration of primary antibody. NCSs with the same amount of purified antigen in each dot as those used in Fig. 1 were treated with 60-, 250-, 1,000-, 4,000-, and 16,000-fold-diluted antibody-positive and -negative sera. The color intensity of each dot was then measured by an electric scanner, and the results were plotted in graphs (Fig. 2) . With high concentrations of sera ( Fig. 2A and B) , strong color development occurred in the dots having higher antigen concentrations with positive and negative sera. With the lowest concentration of sera (Fig. 2E) , on the other hand, the color intensities with positive as well as negative sera were low, even for the dots with a high amount of antigen. The and each dilution was dotted on the NCS. Then the NCS W\as reacted with the antibody-positive and -negative sera. which were the sarme as those used for Fig. 1 and 2 . at a 1.000-fold dilution. The photographs at the top are the profiles observed with positive (upper part) and negative (lower part) sera.
concentrations of 1,000-and 4,000-fold serum dilution (Fig.  2C and D) . In these cases. the color development with negative serum was poor compared with the color development with positive serum, so that the difference of color intensity between positive and negative sera was quite distinct, especially at antigen amounts of 0.2 to 2 jig of protein per dot.
(iii) Experiments with crude antigen. Color development with crude antigen in place of purified antigen was tested in the same manner with 1,000-fold-diluted positive and negative sera (Fig. 3) . In this case, the color intensity with positive serum increased with increasing concentrations of antigen in a manner similar to that in tests with purified antigen (Fig. 2) but the color development with negative serum was somewhat stronger than that with purified antigen, resulting in a decrease in distinguishability between the reactions with positive and negative sera. This suggests that the purified antigen is preferable as an antigen in this dot immunoassay for the discrimination of positive and negative sera. Based on the results described above. the ideal amount of purified antigen and the ideal test serum concentration for distinguishing positive from negative sera were determined to be 2 tg of protein per dot and a 1.000-fold dilution. respectively. These were used in the later experiments.
Discrimination of antibody-positive sera from antibody- (Fig. 6 ), 10 normal serum samples with IF titers of less than 20 to each of the three strains showed color intensity values of only 18 to 34 in the dot immunoassay with one of the three strains. Of 25 paired patient serum samples (total, 50 serum samples), 21 showed IF titers of less than 20 (all of these were the early-stage sera of the pairs), and in the dot immunoassay, all except 1 exhibited a color intensity value of less than 44. Of 29 patient serum samples with IF titers of more than 20, all but 1 showed a color intensity value of more than 45. Furthermore, it was observed that with increasing color intensities of the dot immunoassay, the IF titers also increased.
In the assay with IgM antibody (Fig. 7) . 10 normal and 14 patient serum samples which showed IF titers of less than 20 to each of the three strains exhibited color intensity values of less than 15 (normal) and 27 (patient) in the dot immunoassay with one of the three strains. Thirty-six patient serum samples showing IF titers of more than 20 exhibited color intensity values of more than 18 in the dot immunoassay, and it was also observed that increases in color intensity were correlated with increases in IF titers. Table 1 shows a comparison of the screening of antibodypositive and -negative sera by the IF test and the dot immunoassay. Because a 1.5-fold difference in color intensity values is distinguishable by the naked eye, as mentioned above, the threshold values were set ait 1.5 times the highest color intensity values with normal sera. Since the highest values with normal sera were 36 in IgG and 15 in IgM ( Fig.   6 and 7) . the Purified antigen was preferable to crude antigen in the dot immunoassay. because the crude antigen showed more extensive color development with antibody-negative sera than did purified antigen. This may be due to contaminating materials from the host cell in the crude antigen. These nonspecific reactions might possibly be eliminated by pretreatment of the sera with uninfected host cell components.
as mentioned by Heberling et al. (5) .
Several antigenic variants are recognized among the species of R. tsiiîtsuganushi (2, 8) , and the existence of five antigenic types. such as Gilliam, Karp, Kato. Shimokoshi, and Kawasaki strains, have been well documented in Japan (11, 15) . Therefore, usage of several strains as antigens for serodiagnosis is generally required, because some patient sera show reactivity only to a certain strain. In our present study, strains Gilliam, Karp. and Kawasaki were used as antigens, because all sera used in the present study were from patients in Miyazaki prefecture with scrub typhus. and it is known that all rickettsiae isolated from patients in this area have cross-reactive antigenicity with at least one of these three strains (14) . For serodiagnosis in other areas in which the disease is endemic. the combination of the antigenic types would have to be changed. In the practical serodiagnosis. however. the identification of which rickettsial antigenic type has infected the patient is not important. Therefore. the color development of a dot on which a mixture of antigens from three strains was adsorbed was tested. However, the color intensity of the dot with this mixture of antigens was nearly the average of the dots with a single antigen. resulting in a decrease of sensitivity of this method.
The NCS-adhering antigens could be kept in a dry state at -20'C without significant loss in reactivity to antibodies for at least 4 months. Longer storage was not tested. The NCS afler color development could be kept without color change at room temperature.
